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SATELLITE MULTI-CHOICE SWITCH SYSTEM 

CROSS REFERENCE TO EARLIER-FILED 
APPLICATIONS 

[0001] This application is continuation-in-part of US. 
patent application Ser. No. 10/611,400, titled “Satellite 
Transcoder,” ?led Jun. 30, 2003, Which is herein incorpo 
rated by reference in its entirety. 

[0002] This application claims priority under 35 U.S.C. 
Section 119(e) to US. Provisional Application Ser. No. 
60/534,176 titled “Satellite Multi-Choice SWitch System,” 
?led Dec. 31, 2003, and US. Provisional Application Ser. 
No. 60/590,025 titled “Satellite Multi-Choice SWitch Sys 
tem,” ?led Jul. 20, 2004, both of Which applications are 
incorporated herein, in their entirety, by this reference. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] This invention relates generally to satellite com 
munication systems. In particular, this invention relates to a 
sWitching system for distributing one or more satellite 
signals to multiple set-top boxes (“STB”). 

[0005] 2. Related Art 

[0006] From the inception of convenient direct broadcast 
satellite (“DBS”) services such as those offered DBS service 
providers DirectTV® and DISH Network@ in the United 
States and similar services around the World, there has been 
a tremendous groWth in the number of DBS subscribers. As 
more subscribers enroll in DBS services, DBS service 
providers are offering a greater number of services includ 
ing, but not limited to, addition pay-per vieW, high de?nition 
television (“HDTV”), broadband Internet, satellite radio 
transmission, and other bandWidth-intensive services. As 
such, DBS providers require higher throughput to offer these 
bandWidth-intensive services to their groWing number of 
subscribers. 

[0007] Typically, the DBS providers are distributing these 
services among multiple satellites. As a result, this distri 
bution of services or programming among multiple satellites 
typically requires the installation of one or more satellite 
antennas (typically knoWn as a “dish” antenna When a 
re?ector antenna such as a parabolic antenna is utiliZed) in 
combination With one or more loW-noise block doWncon 

verters (also knoWn as loW-noise blocks “LNBs”). 

[0008] Until recently, most DBS systems have not alloWed 
multiple STBs to operate in combination With one or more 
satellite antennas because usually a STB has some intelli 
gence (i.e., it has a processor that runs control softWare) that 
controls the LNB based on the channels the STB Wants. 
FIG. 1 shoWs an example implementation of prior art DBS 
system 100 in signal communication With a video monitor 
102. The DBS system 100 may include a satellite antenna 
104, LNB 106 and a STB 108. 

[0009] The video monitor 102 may be any device capable 
of receiving the information delivered by the STB 108. 
Examples of the video monitor 102 may include a television 
set, a television monitor (Without a television receiver), a 
computer monitor, and/or a video recording device. The 
STB 108 may be any generally knoWn STB similar to the 
STBs produced by multiple manufacturers for both 

Sep. 1, 2005 

DirectTV® and DISH NetWork®, or other similar types of 
DBS service provider. Typically the STE 108 is generally 
knoWn as an Integrated Receiver Decoder (“IRD”), Which is 
a satellite receiver With a built-in decoder for unscrambling 
subscription channels broadcast by the DBS system pro 
vider. 

[0010] It is appreciated by those skilled in the art that the 
satellite antenna 104 and LNB 106 are packaged usually 
together as one unit and the LNB is typically an active 
device. Examples of the satellite antenna 104 may include an 
18-inch re?ector antenna (typically knoW as a “dish 
antenna”) or any other type of antenna such as a phased 
array, patch, and/or active or passive antenna. The LNB 106 
is generally an ampli?er that blocks loW-end frequencies and 
receives the high-end frequencies used in digital satellite 
transmissions. In many DBS systems utiliZing a re?ector 
antenna, the LNB is generally located at the end of the arm 
projecting from the satellite antenna 104. Typically, a single 
output LNB provides one RF output for connecting a coaxial 
cable to feed the received digital satellite signal to a single 
STB. A dual-output LNB typically has tWo RF outputs for 
distributing satellite signals to tWo or more STB. 

[0011] In operation a DBS system, such as DirectTV® and 
DISH NetWork®, typically broadcasts each channel from 
their satellites With either a “left-hand” (knoWn as left 
handed circular polariZation or “LHCP”) or “right-hand” 
(knoWn as right-handed circular polariZation or “RHCP”) 
circular polariZation. Approximately, half the channels are 
broadcast With one polariZation While the other channels are 
broadcast With the opposite polariZation. Generally, the LNB 
106 is capable of only receiving one type of polariZation at 
a time and the STB 108 has an internal memory that contains 
a table of values (that is typically doWnloaded from the 
satellite) that represent the polariZation of each channel. The 
STB 108 then instructs the LNB 106, via signal path 110 
(Which may be a standard coaxial cable), to sWitch to the 
polariZation that corresponds to the desired channel of the 
STB 108. The STB 108 may instruct the LNB 106 to sWitch 
betWeen polariZations by placing a variable voltage on the 
signal path 110. 

[0012] As a result, the DBS system 100 does not alloW 
multiple STBs to operate on one coaxial cable from the 
satellite antenna 104 and LNB 106 combination because 
multiple STBs Would not be able to coordinate sWitching the 
polariZation of the LNB 106. The polariZation of a channel 
selection of one STB Would interfere With the polariZation of 
another channel selection on the other STB. 

[0013] In home environment this is a draWback of DBS 
systems compared to, as an example, standard non-DBS 
cable systems. In standard non-DBS cable systems, a cable 
provider transmits the cable channels (Whether analog, digi 
tal or combination of both) via one coaxial or ?ber optic 
cable to a home. The residents of the home may then split the 
coaxial cable With a general-purpose splitter into multiple 
coaxial cables that are capable of feeding the transmitted 
cable channels into multiple video monitors via multiple 
cable receivers (or built-in television receivers Within the 
video monitors). Each cable receiver is then capable of 
independently and simultaneously selecting different trans 
mitted cable channels. 

[0014] End-users in a home environment have become 
accustomed to connecting multiple video monitors and/or 
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cable receivers to a common coaxial system that is the result 
of simply splitting the input coaxial cable from the cable 
system. It is appreciated that in a typical modern home 
almost every room Will have a coaxial cable that extends 
from a Wall outlet. All these cables Will be connected to 
either an outside antenna or the cable system via a coaxial 
splitter. 

[0015] As a result, end-users in a home environment 
expect or at least desire a similar convenience from an 
installed DBS system. Unfortunately, the DBS system 100 is 
not capable of alloWing multiple STBs to connect to the 
LNB 106 and provide independent simultaneous channel 
reception by each individual STE. 

[0016] Present attempts to solve this problem include 
utilizing multiple LNBs for each STB along With potentially 
utiliZing multi-sWitches. Generally, DBS systems utiliZing a 
dual LNB type re?ector antenna may alloW tWo independent 
STBs to simultaneously tune into different broadcast chan 
nels. 

[0017] FIG. 2 shoWs an example implementation of a 
prior art DBS system 200 in signal communication With a 
?rst video monitor 202 and second video monitor 204. The 
DBS system 200 may include a ?rst satellite antenna 206, 
second satellite antenna 208, ?rst LNB 210, second LNB 
212, ?rst STE 214 and second STE 216. It is appreciated by 
those skilled in the art that the ?rst satellite antenna 206, 
second satellite antenna 208, ?rst LNB 210, and second 
LNB 212 may be incorporated into one dual mode antenna 
(not shoWn) such as, for example, a dual LNB antenna for 
use With DirectTV® and DISH NetWork®, respectively. 

[0018] In operation, the ?rst LNB 210 and second LNB 
212 are capable of only receiving one type of polariZation at 
a time and the ?rst STE 214 and second STE 216 have 
internal memories containing tables of values (that are 
typically doWnloaded from the satellites) that represent the 
polariZation of each channel. The ?rst STE 214 then 
instructs the ?rst LNB 210, via signal path 218 (Which may 
be a standard coaxial cable), to sWitch to the polariZation 
that corresponds to the desired channel of the ?rst STE 214. 
Similarly, the second STE 216 then instructs the second 
LNB 212, via signal path 220 (Which may again be a 
standard coaxial cable), to sWitch to the polariZation that 
corresponds to the desired channel of the second STE 216. 
Both the ?rst STE 214 and second STE 216 may respec 
tively instruct the ?rst LNB 210 and second LNB 212 to 
sWitch betWeen polariZations by respectively placing a vari 
able voltage on the signal paths 218 and 220. 

[0019] As a result, the DBS system 200 alloWs the ?rst 
STE 214 and second STE 216 to operate on tWo separate 
coaxial cables 218 and 220 from the ?rst satellite antenna 
206 and ?rst LNB 210 and second satellite antenna 208 and 
second LNB 212 combinations. The ?rst STE 214 and 
second STE 216 Will be capable of independently and 
simultaneously tuning to separate channels because the ?rst 
STE 214 and second STE 216 operate on separate indepen 
dent coaxial cables 222 and 224. Thus, the ?rst STE 214 and 
second STE 216 Will be able to sWitch the polariZation of the 
?rst LNB 210 and second LNB 212, respectively, Without 
interfering With each other. 

[0020] Additional attempts to solve this problem have also 
included utiliZing multiple LNB coupled to multiple STBs 
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via a multi-sWitch. Generally, DBS systems utiliZing a dual 
LNB type re?ector antenna and a multi-sWitch may alloW 
tWo or more independent STBs to simultaneously tune into 
different broadcast channels. 

[0021] FIG. 3 shoWs an example implementation of a 
prior art DBS system 300 in signal communication With 
multiple video monitors 302, 304 and 306. It is appreciated 
by those skilled in the art that While only three video 
monitors are shoWn, the example implementation is equally 
applicable to more than three video monitors. The DBS 
system 300 may include a ?rst satellite antenna 308, second 
satellite antenna 310, ?rst LNB 312, second LNB 314, 
multi-sWitch 316, ?rst STE 318, second STE 320 and third 
STE 322. It is again appreciated by those skilled in the art 
that the ?rst satellite antenna 308, second satellite antenna 
310, ?rst LNB 312, and second LNB 314 may be incorpo 
rated into one dual mode antenna (not shoWn) such as, for 
example, a dual LNB antenna for use With DirectTV® and 
DISH NetWork®, respectively. Again, it is appreciated by 
those skilled in the art that While only three STBs are shoWn, 
the example implementation is equally applicable to more 
than three STBs. 

[0022] In operation, the ?rst LNB 312 and second LNB 
314 are capable of only receiving one type of polariZation at 
a time and the ?rst STE 318, second STE 320 and third STE 
322 have internal memories containing tables of values (that 
are typically doWnloaded from the satellites) that represent 
the polarization of each channel. The Multi-SWitch 316 is 
coupled to both the ?rst LNB 312, via signal path 324, and 
second LNB 314, via signal path 326, and controls both by 
maintaining one LNB (such as, for example, the ?rst LNB 
312) in one polariZation state (such as, for example, LHCP) 
and the other LNB (such as, for example, the second LNB 
314) in another polariZation state (such as, for example, 
RHCP). The Multi-SWitch 316 is also coupled to a plurality 
of STBs (such as, for example, ?rst STE 318, via signal path 
328, second STE 320, via signal path 330, and third STE 
322, via signal path 332) and sWitches an individual coupled 
STB to the corresponding LNB having the polariZation 
desired by the individual STE. 

[0023] In this example, When the ?rst STE 318 instructs 
the Multi-SWitch 316, via signal path 328 (Which may be a 
standard coaxial cable), to sWitch to the polariZation that 
corresponds to the desired channel of the ?rst STE 318, the 
Multi-SWitch 316 couples the ?rst STE 318 to the LNB 
(either the ?rst LNB 312 or second LNB 314) that is set to 
the corresponding polariZation. Similarly, When the second 
STE 320 instructs the Multi-SWitch 316, via signal path 330 
(Which again may be a standard coaxial cable), to sWitch to 
the polariZation that corresponds to the desired channel of 
the second STE 320, the Multi-SWitch 316 couples the 
second STE 320 to the LNB (either the ?rst LNB 312 or 
second LNB 314) that is set to the corresponding polariZa 
tion. Still similarly, When the third STE 322 instructs the 
Multi-SWitch 316, via signal path 332 (Which again may be 
a standard coaxial cable), to sWitch to the polariZation that 
corresponds to the desired channel of the third STE 322, the 
Multi-SWitch 316 couples the third STE 322 to the LNB 
(either the ?rst LNB 312 or second LNB 314) that is set to 
the corresponding polariZation. 

[0024] Again, the ?rst STE 318, second STE 320 and third 
STE 322 may respectively instruct the Multi-SWitch 316 to 
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switch between LRCP and LHCP polarizations by respec 
tively placing a variable voltage on the signal paths 328, 330 
and 332. 

[0025] As a result, the DBS system 300 alloWs a plurality 
of STBs to operate on a plurality of separate coaxial cables 
from the ?rst satellite antenna 308 and ?rst LNB 312 and 
second satellite antenna 310 and second LNB 314 combi 
nations via the Multi-SWitch 316. The plurality of STBs Will 
be capable of independently and simultaneously tuning to 
separate channels because the plurality of STBs operates on 
a plurality of separate independent coaxial cables. Thus, the 
plurality of STBs Will be able to sWitch the polariZation of 
the ?rst LNB 312 and second LNB 314, via the Multi 
SWitch 316, Without interfering With each other. 

[0026] Unfortunately, the approaches described in FIGS. 
1, 2, and 3 are multi-cable approaches that are high cost and 
cumbersome to arrange in the typical home environment 
because they include the increased cost of equipment such as 
multiple cables, multi-sWitch devices, combiners and split 
ters and the cost of labor in professionally installing the 
equipment. Once the equipment has been installed it is 
pseudo-permanent in nature because it is dif?cult to rear 
range the equipment in the future. These approaches are still 
much more complicated than adding additional cable ready 
tuners in a home installed cable television system. 

[0027] Therefore, there is a need for a system and method 
that provides a loW cost solution for distributing DBS 
system signals on a signal cable from the DBS antenna to the 
home environment. 

[0028] An example of a pervious attempt to solve this 
problem is shoWn in FIG. 4. The DBS system 400 is shoWn 
in signal communication With a ?rst video monitor 402 and 
second video monitor 404. The DBS system may include a 
?rst STE 406, second STE 408, ?rst satellite antenna 410, 
second satellite antenna 412, ?rst LNB 414, second LNB 
416, Multi-SWitch 418, ?rst mixer 420, second mixer 422, 
frequency reference 424, combiner 426 and splitter 428. 

[0029] In operation, the DBS system 400 receives the 
DBS satellite signals via the combination of ?rst satellite 
antenna 410 and ?rst LNB 414, second antenna 412 and 
second LNB 416, and the Multi-SWitch 418; hoWever, it is 
appreciated that additional antennas and LNBs may also be 
utiliZed. The DBS system 400 then band translates the 
received satellite signals, via signal paths 430 and 432, With 
the ?rst mixer 420 and second mixer 422 creating a loW 
band satellite signal 434 and high-band satellite signal 436. 
The loW-band satellite signal 434 and high-band signal 436 
are then combined, via combiner 426, on to one signal path 
438 (typically a coaxial cable) that is later split by splitter 
428. The splitter 428 then passes the combined signals 
transmitted on signal path 438 to both the ?rst STE 406 and 
second STE 408 via signal paths 440 and 442, respectively. 
Both the ?rst STE 406 and second STE 408 Will need to be 
able to doWnconvert the received signals to frequency plan 
that alloWs both STBs to demodulate and decode the 
received signals so that the ?rst video monitor 402 and 
second video monitor 404 are able to display the received 
channels. As a result, the DBS system 400 alloWs tWo STBs 
to operate independently on a single coaxial cable from the 
?rst satellite antenna 410 and ?rst LNB 414 and second 
satellite antenna 412 and second LNB 416 combinations via 
the Multi-SWitch 418. 
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[0030] FIG. 5 shoWs a graphical representation 500 of 
amplitude 502 versus frequency 504 in megahertZ (“MHZ”) 
of an example frequency characteristic for both the loW 
band satellite signal 506 and high-band satellite signal 508. 
In this example, the loW-band satellite signal 506 may 
occupy the 950 to 1,450 MHZ frequency range, While the 
high-band satellite signal 508 may occupy the 1,650 to 2,150 
MHZ frequency range With a 200 MHZ guard-band 510. 

[0031] Unfortunately, a draWback to this approach is that 
it Would only operate With tWo STB because only tWo 
frequency bands are supported. The DBS system 400 only 
translates the high frequency band to a loW-band and the loW 
frequency band to a high-band. As a result, one STB (such 
as the ?rst STE 406) is only capable of receiving a high 
band signal and the other STB (such as the second STE 408) 
is only capable of receiving a loW-band signal. Additionally, 
?lter devices (not shoWn) may be needed at both the ?rst 
STE 406 and second STE 408 to ?lter out the undesired 
bands. Moreover, the DBS system 400 has very loW selec 
tivity and that does not alloW ?ne-tuning of the received 
channels. 

[0032] Therefore, there is a need for a system and method 
that provides a loW cost solution for distributing DBS 
system signals on a signal cable from the DBS antenna to the 
home environment that is capable of supporting more than 
tWo STBs and has superior selectivity. 

SUMMARY 

[0033] A Multi-carrier SWitch Converter (“MCSC”) for 
multiplexing a plurality of input signals received at the 
MCSC into a single MCSC output signal is disclosed. The 
MCSC may include a Multi-port Selector SWitch, Wherein 
the Multi-port Selector SWitch receives the plurality of input 
signals and produces a Multi-port Selector SWitch output, 
Wherein the Multi-port Selector SWitch output includes a 
plurality of sWitched output signals and a frequency trans 
lation block in signal communication With the Multi-port 
Selector SWitch, Wherein the frequency translation block 
receives the Multi-port Selector SWitch output and fre 
quency translates each sWitched output signal of the plural 
ity of sWitched output signals to plurality of translated 
signals, Wherein each translated signal has a ?xed carrier 
frequency. Additionally, the MCSC may include a combiner 
in signal communication With frequency translation block, 
Wherein the combiner receives the plurality of frequency 
translated signals and combines them to produce the single 
MCSC signal. 

[0034] The MCSC may operate by multiplexing a plural 
ity of input signals received at the MCSC into a single 
MCSC output signal. As an example of operation, the 
MCSC may sWitch the plurality of input signals into a 
Multi-port Selector SWitch output, Wherein the Multi-port 
Selector SWitch output includes a plurality of sWitched 
output signals and frequency translates each sWitched output 
signal of the plurality of sWitched output signals to plurality 
of translated signals, Wherein each translated signal has a 
?xed carrier frequency. The MCSC may also combine the 
plurality of frequency translated signals to produce the 
single MCSC output signal. 

[0035] Other systems, methods, features and advantages 
of the invention Will be or Will become apparent to one With 
skill in the art upon examination of the folloWing ?gures and 
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detailed description. It is intended that all such additional 
systems, methods, features and advantages be included 
Within this description, be Within the scope of the invention, 
and be protected by the accompanying claims. 

BRIEF DESCRIPTION OF THE FIGURES 

[0036] The components in the ?gures are not necessarily 
to scale, emphasis instead being placed upon illustrating the 
principles of the invention. In the ?gures, like reference 
numerals designate corresponding parts throughout the dif 
ferent vieWs. 

[0037] FIG. 1 is a block diagram of prior art DBS system 
in signal communication With a video monitor. 

[0038] FIG. 2 is a block diagram of a prior art DBS system 
in signal communication With tWo video monitors. 

[0039] FIG. 3 is a block diagram of a prior art DBS system 
in signal communication With multiple video monitors. 

[0040] FIG. 4 is a block diagram of a prior art DBS system 
in signal communication With tWo video monitors. 

[0041] FIG. 5 is a plot shoWing a graphical representation 
of an example frequency characteristic for both a loW-band 
satellite signal and high-band satellite signal produced by 
the DBS system shoWn in FIG. 4. 

[0042] FIG. 6 is a block diagram of an example imple 
mentation of a DBS system including a Multi-Carrier SWitch 
Converter (“MCSC”) in signal communication With a plu 
rality of set-top boxes (“STBs”). 

[0043] FIG. 7 is a high-level block diagram of an example 
implementation of the MCSC shoWn in FIG. 6. 

[0044] FIG. 8 is a block diagram of example implemen 
tation of the MCSC shoWn in FIG. 6 utiliZing a heterodyne 
conversion process. 

[0045] FIG. 9 is a block diagram of example implemen 
tation of the MCSC shoWn in FIG. 6 utiliZing a direct 
conversion process to convert the input signal to baseband 
and then up to a neW carrier. 

[0046] FIG. 10 is a block diagram of an example imple 
mentation of an individual demodulator and modulator 
module shoWn in FIG. 9. 

[0047] FIG. 11 is a block diagram of an example imple 
mentation of second frequency source module shoWn in 
FIG. 9 Where the second frequency source is a ?xed 
frequency source. 

[0048] FIG. 12 is a block diagram of an example imple 
mentation of a second frequency source module shoWn in 
FIG. 9 Where the second frequency source is a fully agile 
frequency source. 

[0049] FIG. 13 is a plot shoWing a graphical representa 
tion of an example frequency plan utiliZed by the MCSC 
shoWn in FIG. 8 and FIG. 9. 

[0050] FIG. 14 is a ?oW-chart diagram shoWing the pro 
cess preformed by the MCSC shoWn in FIG. 8. 

[0051] FIG. 15 is a ?oW-chart diagram shoWing the pro 
cess preformed by the MCSC shoWn in FIG. 9. 
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DETAILED DESCRIPTION 

[0052] This invention discloses a Multi-carrier SWitch 
Converter (“MCSC”). The MCSC is a system that alloWs 
several signals received from one or more satellite receiver 
LNBs in a DBS system to be combined and transported via 
a single cable to multiple satellite receiver tuner units, Which 
are generally knoWn as set-top boxes (“STB”). The MCSC 
frequency multiplexes the received satellite signals onto 
multiple carrier signals that may be combined into one 
combined signal Where each carrier signal corresponds to a 
STB. As a result, the MCSC alloWs multiple video monitors 
to have access to several channels (from one or several 
satellites) simultaneously While at the same time reducing 
the number of required cables and other related equipment. 

[0053] In general the MCSC operates by feeding the 
signals from several LNBs (after equaliZation) directly into 
a multi-port selector sWitch. The multi-port selector sWitch 
directs the signals to several mixers in several independent 
paths. The mixer in each path frequency shifts the input 
spectrum by a pre-speci?ed local oscillator frequency. The 
local oscillator frequency in each path is pre-speci?ed by a 
desired channel number. The frequency-shifted spectrum in 
each path is then fed to a ?lter, Which may be a loW-pass, 
high-pass, or band-pass ?lter. The ?lter limits the spectrum 
to the desired channel frequency band and the ?lter output 
signal from each path is combined With its counterparts from 
other paths (i.e., the signals are frequency multiplexed) and 
after some level adjustment by the automatic gain control 
(“AGC”) unit (also knoWn as an AGC circuit), the combined 
signal is fed into a cable and transported to the STBs. 

[0054] FIG. 6 describes the general system. FIG. 6 is a 
block diagram of an example implementation of a DBS 
system 600 including a MCSC 602 in signal communication 
With a combination of LNBs and satellite antennas and a 
plurality of STBs through a divider 604. As an example, 
FIG. 6 shoWs three combinations of satellite antennas and 
LNBs that include a ?rst satellite antenna 606 and ?rst LNB 
608, second satellite antenna 610 and second LNB 612, and 
third satellite antenna 614 and third LNB 616. Additionally, 
FIG. 6 shoWs three sets of STBs and video monitors 
including a ?rst STB 618 and ?rst video monitor 620, 
second STB 622 and second 624, and third STE 626 and 
third video monitor 628. It is appreciated by those skilled in 
the art that While three combinations of satellite antennas 
and LNBs are shoWn, other numbers of combinations Would 
be equally applicable Without departing from the spirit of the 
invention. Similarly, While only three combinations of STBs 
and video monitors are shoWn, other numbers of combina 
tions Would be equally applicable Without departing from 
the spirit of the invention. The MCSC 602 may include a 
Multi-port Selector SWitch 630, a frequency translation 
block 632, a ?lter block 634 and a combiner 636. 

[0055] As an example of operation, the MCSC 602 
receives input signals 640, 642 and 644 from the ?rst LNB 
608, second LNB 612 and third LNB 616, respectively, and 
passes them to the Multi-port Selector SWitch 630. The 
Multi-port Selector SWitch 630 is a multi-input and multi 
output sWitch that is capable of sWitching any of the inputs 
to any of the outputs. The MCSC 602 then passes the 
Multi-port Selector SWitch output 646 to the frequency 
translation block 632 that translates any of the input fre 
quencies from the Multi-port Selector SWitch output 646 to 


















